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AUTOMATED LEFEUVRE APPARATUS FOR DIRECT MEASUREMENT OF SOIL 
EROSION RATE 
 
 
Cesar Mendoza1, Charles D. Morris1 and Jeff J. Bradshaw2
 
 
ABSTRACT 
 
The practical determination of the potential of river bank erosion requires information on the stream 
flow conditions, soil composition of the banks, and the erosion rate of the soils exposed to the flow. 
Experiments were conducted to measure directly the soil erosion rate (SER) of soil samples 
extracted from boreholes using an automated version of the LeFeuvre Apparatus (LeFeuvre, 1965; 
LeFeuvre et al., 1970). The design and operation of the apparatus for the automatic measurement of 
the SER of cohesive and non-cohesive soil samples is presented. Direct measurements of the wall 
shear stress and the SER were used to establish the SERvsshear stress relationship for the soils 
analyzed and the corresponding critical shear stresses. The linear model was found to fit best the 
experimental results.  
 
 
1.   INTRODUCTION 
 
Estimation of the potential erosion of stream banks requires information on the stream flow 
conditions, soil composition of the banks, and the erosion rate of the soils exposed to the flow. To 
this end, experiments were conducted to measure directly the soil erosion rate (SER) of soil samples 
extracted from boreholes using an automated version of the LeFeuvre apparatus (LeFeuvre, 1965; 
LeFeuvre et al., 1970).  In the automated LeFeuvre apparatus, the sediment is forced upward 
through a circular opening by means of a piston into a clear water stream flowing over it. The soil 
sample maintains the eroding surface leveled with the flat floor of the conduit during the 
experiments. The piston displacement is produced by a self-regulating feedback mechanism. The 
simultaneous measurement of the SER and the wall shear stress, τ ,  exerted by the flow on the 
extruding soil sample led to SERvsτ  relationships that can be used in the development of 
mathematical models of bank erosion and recession. The automated apparatus was designed and 
manufactured in the Fall of 2002 to be attached to a flume housed at the Hydraulics Laboratory of 
the University of Missouri - Rolla; currently it is being used fastened on the bottom of a closed 
rectangular duct. 
The soil types studied were those most commonly found along the creeks of the 
Metropolitan Saint Louis Sewer District (MSD) service area for a study of the stability of urban 
streams. Samples were collected from the creek banks using thin-walled Shelby tubes which gave 
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practically undisturbed soil sample for the experiments. Statistical analyses were performed on the 
results to obtain the SERvsτ  and the critical shear stress values for the different soil types. 
 
2.   SOIL SAMPLES 
 
The three types of soil most commonly found in the major watersheds of the Saint Louis area were 
selected for this research. The soil samples were collected from twelve different locations in the 
Mississippi, Missouri and Meramec watersheds. The soil types selected were the 20B-Fishpot series, 
the 33-Wilbur Series, and the 32-Haymond Series. Their physical characteristics are summarized in 
Table 1. 
 
Table 1 Properties of Tested Soil Types 
 
Soil Type 20B-Fishpot Series 
32-Haymond 
Series 
33- Wilbur 
Series 
Depth (in) 0 - 47 47 - 60 0 – 5 5 - 60 0 - 6 6 - 60 
Sand 24.8% 23.5% 14% 14.2% 14.2% 14.2% 
Silt 52.7% 50% 71% 71.8% 71.8% 71.8% 
Clay 22.5% 26.5% 15% 14% 14% 14% 
Liquid Limit 32.5% 37.5% 25% 25% 25% 25% 
Plasticity Index 17.5% 20% 6.5% 6.5% 6.5% 6.5% 
Ksat (in/hr) 0.43 0.43 1.28 1.28 1.28 1.28 
Passing #40 Sieve 97.5% 97.5% 95% 95% 97.5% 97.5% 
Passing #200 
Sieve 95.5% 95.5% 92.5% 90% 85% 90% 
 
The samples were collected according to ASTM (D 1587-00) standard practice for thin-walled tube 
sampling. Ten-inch long Shelby tubes with a diameter of 76.2mm and wall thickness 1.65mm were 
used for the sample collection; these tubes were driven perpendicular to the banks. Oil was applied 
to the inner wall of the Shelby tube to prevent the soil sample from sticking to it. Because the way 
the laboratory experiments were conducted, this practice didn’t seem to affect the results.   
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3.   LABORATORY EXPERIMENTS 
 
The soil erosion tests were conducted in a closed conduit of rectangular cross section designed and 
built at the University of Missouri – Rolla (Figure 1). The conduit, 20 ft long, 11 in wide and 1 in 
deep, is capable of developing high velocities and shear stresses. The conduit receives water from 
the laboratory main line through a 6″-diameter circular pipe. The flow in the conduit is fully 
developed when it reaches the sample. Two separate ultrasonic Panametrics ® model PT878 
flowmeters measure the flow at the conduit inlet and outlet. 
 
 
 
 
 
   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1 View of the closed conduit used in the tests. 
 
In the automated version of the LeFeuvre apparatus used (Figures 2 and 3), the sediment is 
forced upward through a circular opening of the same diameter as the Shelby tube in the bottom of 
the closed rectangular conduit by means of a piston into a clear water stream flowing over the 
opening. The soil sample is required to have the eroding surface leveled with the flat floor of the 
conduit while being eroded. The 10″-long Shelby tube is held in place perpendicular to the conduit 
by a metal plate and four posts anchored to the bottom of the conduit. The control of the motion 
which drives the soil sample upward is accomplished by using four cadmium sulfide photocells 
placed at the cardinal directions along the circumference of the soil cylinder, within 0.015″ of the 
floor of the conduit (Figure 4).  These sensors have lenses aimed at the central axis of the soil 
cylinder.  Each sensor is potted with optically clear epoxy to form a window in front of the lens, and 
make the assembly waterproof.  The top of each assembly is potted in opaque black epoxy to insure 
that only light directly in front of each lens is measured, and off-axis light is rejected.   One thousand 
Watts of high intensity visible light is shined through a Lexan window at the top of the rectangular 
duct.  This light illuminates the photocells if the soil sample has eroded below the bottom surface of 
the conduit.  The soil sample is then indexed upward until the soil sample shades the sensors.  Any 
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one sensor which becomes illuminated during erosion causes the soil cylinder to index upward.  This 
analog value for triggering motion is adjustable in the software to adjust the system sensitivity.  This 
causes the average surface of erosion to be at the level of the floor of the conduit. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2 Schematics of the automated LeFeuvre apparatus. 
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Figure 3 View of the installed automated Lefeuvre apparatus. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4 Top of eroding soil sample, photo cells and flush surface shear stress probes.   
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The mechanical component of the apparatus is a Motion Science® ball-screw actuator driving 
an aluminum piston slightly smaller than the inside diameter of the Shelby tube.  A neoprene foam 
gasket prevents backflow of the conduit  water inside the Shelby tube past the piston.  The ball-
screw actuator is capable of delivering a 800 lb force axially to the Shelby tube soil sample. The 
ball-screw actuator is driven by an Emerson® DC servomotor coupled to an optical encoder.  The 
two are connected by a tooth belt.  Magnetic reed switches on the ball-screw actuator determine 
when the actuator is all the way down (home position) or level with the floor of the flume (stop 
position). 
 The program which runs the erosion motion system is a polling program which checks the 
condition of the illumination of the photocells.  If a cell is illuminated past the trigger value set in the 
software, then motion upward is initiated at a constant rate.  The optical encoder is monitored to 
insure that the ball-screw is actually turning during this time.  Motion continues until the photocell(s) 
are no longer illuminated, that is, blocked by the soil sample, or the upper limit switch has been 
actuated.  In either case, motion ceases.   The program then waits for further illumination, or 
operator input.  
 The data acquisition program is a timed data acquisition written in LabVIEW®.  A separate 
position transducer measures the position of the piston for use in the data acquisition program.  This 
position information, when plotted against time, yields erosion rate for a given shear stress. The 
shear stress generated by the flow that acts on the soil sample surface is continuously measured with 
properly calibrated TSI Model 1237 Standard Flush Surface Probes. 
  
4.   EXPERIMENTAL RESULTS 
 
To test the consistency of the results to be measured with the automated LeFeuvre apparatus, 
homogenous samples were prepared by mixing sand, silt and clay in the percentages of composition 
of the Soil Type 20B – Fishpot Series in Table 1. Using the prepared samples, tests were conducted 
to adjust the light shinning on the sensors so that the extruded top of the soil sample remained 
flushed with the bottom of the channel and was pushed accordingly when the surface gets eroded; 
the range of flow velocity to perform the tests on the original samples was also determined. The 
results obtained for the consistency tests are shown in Figure 5. 
Twelve samples of Soil Type 20B – Fishpot Series, three from each location, were collected at 
the Deer Creek in the Mississippi watershed, Gravois Creek in the Mississippi watershed, and 
Maline Creek in the Mississippi watershed. Out of these twelve samples, eight were tested; four 
were discarded because the Shelby tubes were damaged by rocks while driving them into the stream 
banks.  Similarly, eight samples of the Soil Type 32 – Haymond Series obtained at the Creve Coeur 
Creek in the Missouri watershed, Gravois Creek in the Mississippi watershed, Grand Glaize Creek 
in the Meramec watershed and Mill Creek in the Missouri watershed were tested. Also, eight 
samples of  the Soil Type 33 – Wilbur Series were collected at the Creve Coeur Creek in the 
Missouri watershed, Deer Creek in the Mississippi watershed, Gravois Creek in the Mississippi 
watershed and Mill Creek in the Missouri watershed were tested. The results of the measurements of 
SER –vs- τ  obtained for Soil Type 20B, Soil Type 32 and Soil Type 33 are shown in Figure 6, 7 
and 8, respectively. 
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Figure 5 Results of the consistency tests with prepared samples 
 
   
   
 
 
Figure 2. Combined Data Plot for Soil Type 20B (DC = Deer Creek in the Mississippi Watershed; 
GC = Gravois Creek in the Mississippi Watershed; MC = Maline Creek in the Mississippi 
Watershed) 
 
 
 
 
 
 
 
 
Figure 5 Consistency of test performed with the prepared samples. 
 
 
 
 
 
Figure 6. Combined data plot for Soil Type 20B (DC = Deer Creek in the Mississippi watershed; 
GC = Gravois Creek in the Mississippi watershed; MC = Maline Creek in the Missouri watershed). 
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Figure 7. Combined data plot for Soil Type 32 (CC = Creve Coeur Creek in the Missouri watershed; 
GC = Gravois Creek in the Mississippi Watershed; GGC = Grand Glaize Creek in the Meramec 
watershed; MC = Mill Creek in the Missouri watershed). 
 
 
 
Figure 8. Combined data plot for Soil Type 33 (CC = Creve Coeur Creek in the Missouri watershed; 
DC = Deer Creek in the Mississippi watershed; GC = Gravois Creek in the Mississippi watershed; 
MC = Mill Creek in the Missouri watershed). 
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5. ANALYSIS AND DISCUSSION OF EXPERIMENTAL RESULTS 
 
This section describes the statistical analysis performed on the experimental results to find the SER 
– vs - τ  relationship and the critical shear stress for the different soil samples tested. 
The measurements were pooled to prepare scatter plots and adopt confidence intervals 
needed to establish the significance of the results. The scatter diagrams of the observations showed a 
positive correlation of the data. Polynomial and linear best fit lines were tried for the data set. The 
linear model was found to fit best the data.  The critical shear stress, cτ , for the linear model was 
found by extrapolating the best fit line to the x-axis. 
Figure 9 shows the best fit line and the residuals for Soil Type 20B. The equation of the best 
fit line for this type of soil is 58.30 5.14SER τ= − . The  value obtained for this soil type was 0.78 
which shows a good correlation of the data points. A Confidence Interval, CI, of 95% was adopted.  
The entire regression line is considered as the parameter of interest and the confidence interval 
obtained was 95% sure to contain the regression line. The Prediction Interval, PI, determines where 
a new single observation would fall, based upon present or past data. The 95% Prediction Interval is 
the area in which 95% of all data points are expected to fall. Figure 10 shows the 95% Confidence 
and Prediction Interval for the Soil Type 20B. 
2r
 
 
 
Figure 9 Confidence and Prediction Interval plot for Soil Type 20B. 
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Similarly, cτ , CI and PI were calculated for Soil Type 32 and 33. Figure 11 shows the best fit 
line and residuals obtained for Soil Type 32. The equation of the best fit line for Soil Type 32 
is 37.69 2.78SER τ= − . The -value obtained for this linear model is 0.62. This shows a positive 
correlation of the data points. Figure 10 presented below shows the 95% CI for the linear regression 
line and 95% PI for the data points for Soil Type 32.  
2r
 
                    
 
Figure 10 Confidence and Prediction Interval plot for Soil Type 32 
  
The best fit line and residual obtained for Soil Type 33 is given in Figure 13 below.  The 
equation of best fit line for this soil type is 30.19 1.94SER τ= − . The -value is 0.78 which shows 
good correlation of the data points. Figure 11 below shows the shows the 95% CI and PI for the Soil 
Type 33.  
2r
 The critical shear stress value obtained from the analysis of experiment results were  
0.0864 lb/ft2 (4.136 Pa), 0.0698 lb/ft2 (3.34 Pa) and 0.0721lb/ft2 (3.45 Pa) for Soil Types 20B, 32 
and 33, respectively. These results fall within the range of cτ  determined from similar erosion 
studies on cohesive soils. Erosion studies conducted by Simon et al. (2003) on the banks of Missouri 
River, Eastern Montana, yielded critical shear stress values ranging from 0.31 Pa to 13.4 Pa. The 
hydraulic erosion studies of cohesive river banks on the Sand River, South Carolina,  conducted by 
Julian and Torres (2006)  measured critical shear stresses between 1.93 and 4.08 Pa. Briaud et al. 
(2001), using a mechanical variant of the LeFeuvre apparatus to measure shear stress at the soil-
water interface of streams, reported values of critical shear stresses in the range between 0.26 Pa and 
5.09 Pa for soil samples gathered in different streams. 
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Figure 14. Confidence and Prediction Interval plot for Soil Type 33 
 
 
From Table 1, it is clear that Soil Types 32 and 33 have comparable contents of sand, silt and 
clay. This may explains why the critical shear stresses for these soil types resulted to be so close. 
The cτ  obtained for Soil Type 20B is higher than those for Soil Types 32 and 33; Soil Type 20B has 
a higher content of clay and a lower percent of silt than the other two types. The content of silt is a 
very important class size class when the soil erodibility is evaluated; the higher the silt content, the 
more erodible the soil becomes. A soil with high clay content tends to be more cohesive and hence a 
higher shear stress is required to start the erosion process. For the Soil Types 32 and 33, the 
percentage of silt is about 71% and the content of clay is only about 15%, while Soil Type 20B has a 
clay content of 22.5% and 52.7% of silt. This difference in composition may be the reason for the 
measured higher critical shear stress value of Soil Type 20B.  
 
CONCLUSIONS 
 
Experiments were conducted to measure directly the soil erosion rate, SER, of soils samples 
extracted from the bank of several creeks in The Metropolitan Saint Louis Sewer District (MSD) 
service area with an automated version of the LeFeuvre apparatus. The design and operation of the 
apparatus for the automatic measurement of the soils erosion rate of cohesive and non-cohesive soils 
samples is described. The simultaneous direct measurements of the SER and the wall shear stress in 
the flow conduit were used to establish the SERvsshear stress relationship for the soils analyzed 
and the corresponding critical shear stresses. The linear model was found to fit best the results 
obtained in the range of the shear stress investigated. 
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